The novel interleukin (IL)-1 family cytokine IL-33 has been shown to activate T helper 2 (Th2) lymphocytes, mast cells and basophils to produce an array of proinflammatory cytokines, as well as to mediate blood eosinophilia, IgE secretion and hypertrophy of airway epithelium in mice. In the present study, we characterized the activation of human eosinophils by IL-33, and investigated the underlying intracellular signaling mechanisms. IL-33 markedly enhanced eosinophil survival and upregulated cell surface expression of the adhesion molecule intercellular adhesion molecule (ICAM)-1 on eosinophils, but it suppressed that of ICAM-3 and L-selectin. In addition, IL-33 mediates significant release of the proinflammatory cytokine IL-6 and the chemokines CXCL8 and CCL2. We found that IL-33-mediated enhancement of survival, induction of adhesion molecules, and release of cytokines and chemokines were differentially regulated by activation of the nuclear factor (NF)-kB, p38 mitogen-activated protein kinase (MAPK) and extracellular signal-regulated kinase (ERK) pathways. Furthermore, we compared the above IL-33 activities with two structurally and functionally related cytokines, IL-1b and IL-18. IL-1b, but not IL-18, markedly upregulated cell surface expression of ICAM-1. IL-1b and IL-18 also significantly enhanced eosinophil survival, and induced the release of IL-6 and chemokines CXCL8 and CCL2 via the activation of the NF-kB, p38 MAPK and ERK pathways. Synergistic effects on the release of IL-6 were also observed in combined treatment with IL-1b, IL-18 and IL-33. Taken together, our findings provide insight into IL-33-mediated activation of eosinophils via differential intracellular signaling cascades in the immunopathogenesis of allergic inflammation.
INTRODUCTION
Interleukin (IL)-33 was discovered as the eleventh member of the IL-1 family, which also includes IL-1b and IL-18. 1, 2 It is a novel T helper 2 (Th2) proinflammatory cytokine abundantly expressed in human smooth muscle cells and bronchial epithelial cells. 1 Administration of IL-33 in mice not only initiates the production of IgE and the Th2 cytokines IL-5 and IL-13, but also induces pathological changes including blood and bronchoalveolar lavage fluid eosinophilia, airway hyper-responsiveness, and epithelial cell hyperplasia and hypertrophy. 1, 3, 4 Significantly higher serum IL-33 concentration has been reported in patients with Japanese cedar pollinosis than in healthy control subjects. 5 In addition, IL-33 has been shown to promote the maturation and survival of human mast cells and to induce their secretion of cytokines IL-5 and IL-13, which promote the survival and effector functions of eosinophils. 6, 7 Together with the results from mouse models, 1, 3, 4 these results indicate that IL-33 might play a pivotal role in the exacerbation of allergic inflammation in allergic diseases mediated by the activation of eosinophils.
It was shown that IL-33 can signal via its receptor ST2 and activate downstream signaling molecules including inhibitor kappa B (IkB)-a and mitogen-activated protein kinases (MAPK), and abrogate IL-33-induced IL-5 and IL-13 production from CD4 1 T lymphocytes, possibly by blocking nuclear factor (NF)-kB and MAPK pathways. 1, 2, 8 In addition to the evidence of enhanced NF-kB activity in peripheral blood mononuclear cells of asthmatic patients, 9 our previous studies also demonstrated that NF-kB signal transduction, p38 MAPK and extracellular signal-regulated kinase (ERK) pathways played pivotal roles in regulating IL-3, IL-5 and granulocyte macrophage colonystimulating factor-induced intercellular adhesion molecule (ICAM)-1 expression and Th17 cytokine-elicited cytokine production from human eosinophils. 10, 11 In an attempt to further investigate the activation of eosinophils induced by IL-33, we elucidated the intracellular signaling mechanisms regulating the survival, adhesion, and cytokine and chemokine release from eosinophils activated by IL-33, and we compared the effects of two other structurally and functionally related IL-1 family cytokines, IL-1b and IL-18.
MATERIALS AND METHODS

Reagents
Recombinant human IL-1b, IL-18 and IL-33 were purchased from PeproTec Inc. (Rocky Hill, NJ, USA), MBL (Naka-ku Nagoya, Japan), and R&D Systems Inc. (Minneapolis, MN, USA), respectively. IkB-a phosphorylation inhibitor BAY11-7082, ERK inhibitor U0126, c-Jun N-terminal kinase (JNK) inhibitor SP600125, p38 MAPK inhibitor SB203580, phosphatidylinositol 3-kinase (PI3K) inhibitor LY294002 and Janus kinase (JAK) inhibitor AG490 were purchased from Calbiochem Corp. (San Diego, CA, USA). SB203580 was dissolved in water whereas U0126, LY294002, SP600125, AG490 and BAY11-7082 were dissolved in dimethyl sulfoxide (DMSO). In all studies, the concentration of DMSO was 0.1% (v/v).
Endotoxin-free solutions
Cell culture medium was purchased from Gibco Invitrogen Corp. (Carlsbad, CA, USA), free of detectable lipopolysaccharide (LPS, ,0.1 EU/ml). All other solutions were prepared using pyrogen-free water and sterile polypropylene plasticware. No solution contained detectable LPS, as determined by the Limulus amebocyte lyase assay (sensitivity limit 12 pg/ml; Biowhittaker Inc., Walkersville, MD, USA).
Isolation of human blood eosinophils from buffy coat and eosinophil culture Fresh human buffy coat obtained from healthy volunteers of the Hong Kong Red Cross Blood Transfusion Service was diluted 1:2 with phosphate-buffered saline (PBS) at 4 uC and centrifuged using an isotonic Percoll solution (density, 1.082 g/ml; Amersham Pharmacia Biotech, Uppsala, Sweden) for 30 min at 1000g. The eosinophil-rich granulocyte fraction was collected and washed twice with cold PBS containing 2% fetal bovine serum (FBS) (Gibco Invitrogen Corp.). The cells were then incubated with anti-CD16 magnetic beads (Miltenyi Biotec, Bergisch Gladbach, Germany) at 4 uC for 45 min and CD16-positive cells were depleted by passing through an LS1column (Miltenyi Biotec) within a magnetic field. With this preparation, the flow-through fraction contained eosinophils with a purity of at least 99% as assessed by Hemacolor rapid blood smear stain (E Merck Diagnostica, Darmstadt, Germany). The isolated eosinophils were cultured in RPMI 1640 medium (Gibco Invitrogen Corp.) supplemented with 10% FBS and 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Gibco Invitrogen Corp.).
Apoptosis and viability assay
Apoptosis and viability of eosinophils were assessed by the TACS Annexin V-fluorescein isothiocyanate (FITC) assay (Trevigen Inc., Gaithersburg, MD, USA) using flow cytometry (FACSCalibur, BD Biosciences Corp., San Jose, CA, USA) of eosinophils gated on the basis of their forward and side light scatter with any cell debris excluded from analysis. The population of viable cells was characterized by low mean fluorescence intensity (MFI) of both Annexin V-FITC and propidium iodide (PI).
Quantitative analysis of IL-6, CXCL8 and CCL2 Concentrations of the proinflammatory cytokine IL-6 and the chemokines CXCL8 and CCL2 in culture supernatants were analyzed by enzyme-linked immunosorbent assay (ELISA) kits from BD Pharmingen (San Diego, CA, USA).
Western blot analysis
Eosinophils were washed with ice-cold PBS and lysed in 0.2 ml lysis buffer (20 mM Tris-HCl, pH 8.0, 120 mM NaCl, 1% Triton X-100, 10 mM EDTA, 1 mM ethylene glycol tetraacetic acid, 0.05% 2-mercaptoethanol, 1X protease inhibitors). Cell debris was removed by centrifugation at 14 000g for 15 min, and the supernatant was boiled in Laemmli sample buffer (Bio-Rad Laboratory, Hercules, CA, USA) for 5 min. Equal amounts of protein were subjected to SDS-polyacrylamide gel electrophoresis before blotting onto a polyvinylidene difluoride membrane (GE Healthcare, Piscataway, NJ, USA). The membrane was blocked with 5% skim milk in Trisbuffered saline with 0.05% Tween 20, pH 7.6 for 1 h at room temperature and probed with primary rabbit antihuman glyceraldehyde-3-phosphate dehydrogenase or mouse antihuman ST2 antibodies (R&D Systems) at 4 uC overnight. After washing, the membrane was incubated with secondary goat antirabbit or sheep antimouse antibodies coupled to horseradish peroxidase (GE Healthcare) for 1 h at room temperature. Antibody-antigen complexes were then detected using an enhanced chemiluminescence detection system (GE Healthcare).
Immunofluorescence staining and flow cytometry
To determine the expression of adhesion molecules on the cell surface, the cells were washed and resuspended with cold PBS after the preceding treatments. After blocking with 2% human pooled serum for 20 min at 4 uC and washing with cold PBS, cells were incubated with FITC-conjugated mouse antihuman ICAM-1, mouse antihuman ICAM-3, mouse antihuman L-selectin antibodies or mouse IgG 1k isotype (R&D Systems) for 30 min at 4 uC in the dark. After washing, the cells were resuspended in 1% paraformaldehyde as a fixative and subjected to analysis.
To determine the intracellular expression of phosphorylated signaling molecules, cells were fixed with 4% paraformaldehyde for 10 min at 37 uC after the preceding treatments. After centrifugation, cells were permeabilized in ice-cold methanol for 30 min and then stained with FITC-conjugated mouse antihuman phosphorylated ERK1/2, phosphorylated p38 MAPK, phosphorylated IkB-a or mouse IgG 1 antibodies (BD Pharmingen) for 30 min at 4 uC in the dark. Cells were then washed, resuspended and subjected to analysis. Expression of surface adhesion molecules and intracellular phosphorylated signaling molecules of 10 000 viable cells was analyzed by flow cytometry (FACSCalibur, BD Biosciences) as MFI, which includes both the changes of target molecule expression in individual cells and the percentage of cells expressing the target molecules.
Statistical analysis
All data are expressed as the means6SEM. Differences between groups were assessed by one-way ANOVA. A probability (P) ,0.05 was considered significantly different. When ANOVA indicated a significant difference, the Bonferroni post hoc test was then used to assess the difference between groups. All analyses were performed using the Statistical Package for the Social Sciences statistical software for Windows, version 16.0 (SPSS Inc., Chicago, IL, USA). Effects of IL-1b, IL-18 and IL-33 on chemokine and cytokine release from human eosinophils The cytokine expression profile in culture supernatants of eosinophils upon activation by IL-1b, IL-18 and IL-33 was first assessed semiquantitatively using the antibody-based RayBio human cytokine array V (RayBiotech Inc., Norcross, GA, USA). IL-1b, IL-18 and IL-33 (50 ng/ ml) activated eosinophils (1.5310 6 cells) to prominently induce the release of the chemokines CCL2 and CXCL8 and the proinflammatory cytokine IL-6 from among the 79 different cytokines that were screened after 48 h of incubation (data not shown). As shown in Figure 4 , IL-1b, IL-18 and IL-33 activated eosinophils to release CCL2, CXCL8 and IL-6 in a dose-dependent manner, with higher release at 48 h than that at 24 h. Although IL-1b, IL-18 and IL-33 mediated comparable induction of CCL2 release, IL-33 elicited the strongest stimulation of CXCL8 and IL-6 release among the three IL-1 family cytokines. These induced cytokine and chemokine releases could be significantly suppressed by the transcriptional inhibitor actinomycin D and the translational inhibitor cycloheximide (data not shown), suggesting that IL-1b, IL-18 and IL-33 induce the release of newly synthesized CCL2, CXCL8 and IL-6 rather than preformed chemokines and cytokines from eosinophils.
RESULTS
Protein expression of IL-33 receptor
Synergistic effects of IL-1b, IL-18 and IL-33 on IL-6 release from human eosinophils Figure 5 illustrates that combined treatment with IL-1b (10 ng/ml) and IL-33 (10 ng/ml) resulted in a significant synergistic increase in proinflammatory cytokine IL-6 release, whereas only additive effects were obtained for combined treatment with IL-1b (10 ng/ ml) and IL-18 (10 ng/ml), or IL-18 (10 ng/ml) and IL-33 (10 ng/ml). Synergistic effects on IL-6 release could be further enhanced when the concentration of IL-33 was doubled (20 ng/ml) in combination with a fixed IL-1b concentration (10 ng/ml). In addition, synergistic increases in IL-6 production from human eosinophils resulted from combined treatment with IL-1b (10 ng/ml) and IL-18 (20 ng/ml), as well as with IL-18 (10 ng/ml) and IL-33 (20 ng/ml).
Intracellular staining of phospho-ERK, phospho-p38 MAPK and phospho-IkB-a in human eosinophils As shown in Figure 6 , ERK, p38 MAPK and IkB-a were rapidly activated in eosinophils upon stimulation with IL-1b, IL-18 or IL-33 for 15 min. Phosphorylation of ERK, p38 MAPK and IkB-a in eosinophils was differentially induced upon IL-1b, IL-18 and IL-33 stimulation. 
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Effects of different inhibitors on IL-1b-, IL-18-and IL-33-induced survival enhancement of human eosinophils Figure 7 shows that pre-treatment with the IkB kinase inhibitor BAY11-7082, the ERK inhibitor U0126 or the p38 MAPK inhibitor SB203580 for 30 min significantly abolished both IL-1b-and IL-18-induced survival enhancement of human eosinophils, while pretreatment with BAY11-7082 and U0126 for 30 min also markedly abolished IL-33-induced survival enhancement of human eosinophils (all P,0.05). No significant difference of cell viability was found between the medium control (Ctrl) group and the groups treated with different signaling inhibitors, namely, AG490 (3 mM), BAY11-7082 (1 mM), LY294002 (5 mM), U0126 (10 mM), SB203580 (7.5 mM) and SP600125 (3 mM) alone.
Effects of different inhibitors on IL-1b-and IL-33-mediated surface expression of adhesion molecules on human eosinophils As shown in Figure 8 , pre-treatment with the IkB kinase inhibitor BAY11-7082, the ERK inhibitor U0126 and the p38 MAPK inhibitor SB203580 for 30 min significantly abolished IL-1b-and IL-33-induced ICAM-1 expression on human eosinophils (all P,0.05). Marked suppression of IL-33-induced ICAM-3 expression on human eosinophils was found after pre-treatment with U0126 and SB203580 for 30 min, as was significant inhibition of L-selectin expression on human eosinophils after pre-treatment with BAY11-7082, U0126 and SB203580 for 30 min (all P,0.05).
Effects of different inhibitors on IL-33-, IL-1b-and IL-18-induced release of CCL2, CXCL8 and IL-6 from human eosinophils Figure 9a shows that pre-treatment with the IkB kinase inhibitor BAY11-7082, the ERK inhibitor U0126 and the p38 MAPK inhibitor SB203580 for 30 min significantly abolished IL-1b-induced CCL2 release, while pre-treatment with BAY11-7082, the PI3K inhibitor LY294002 and U0126 for 30 min markedly suppressed IL-18-induced CCL2 release. Pre-treatment with BAY11-7082 and U0126 for 30 min significantly inhibited IL-33-induced CCL2 release from human eosinophils (all P,0.05). As shown in Figure 9b , pretreatment with BAY11-7082, U0126 and SB203580 for 30 min significantly abolished IL-18-and IL-33-induced CXCL8 release, while pretreatment with U0126 for 30 min also markedly suppressed IL-1b-induced CXCL8 release from human eosinophils (all P,0.05). Furthermore, Figure 9c shows that pre-treatment with BAY11-7082, U0126 and SB203580 for 30 min significantly abolished IL-1b-, IL-18-and IL-33-induced IL-6 release from human eosinophils (all P,0.05). -3 and (c) L-selectin on 10 000 cells was analyzed by flow cytometry as MFI, which was normalized by subtracting the appropriate isotypic control and shown as the arithmetic mean6SEM of three independent experiments. *P,0.05, **P,0.01, ***P,0.001 when compared with medium control. ICAM, intercellular adhesion molecule; IL, interleukin; MFI, mean fluorescence intensity.
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DISCUSSION
IL-33 has been proposed to be a novel regulator of the immune system that initiates maturation, migration and activation of various types of leukocytes, including human Th2 lymphocytes, 12,13 mast cells, 6 basophils, 8, 13, 14 natural killer cells 13 and eosinophils. 8, 15, 16 In addition, IL1b was identified as a potent mediator that initiates differentiation of Th17 lymphocytes to drive autoimmune responses, 17 while IL-18 was widely known as an inducer that stimulates IFN-c production from T lymphocytes and natural killer cells to promote Th1 responses. 18 Intriguingly, it has been reported that both IL-1b and IL-18 could also activate human eosinophils. 19, 20 Indeed, how IL-33 and the two other IL-1 family cytokines IL-1b and IL-18 orchestrate and promote allergic inflammatory responses is still poorly understood. Noting the fact that IL-1b, IL-18 and IL-33 share protein sequence homology, 1 a receptor unit, and Toll-like/IL-1-receptor structure in the intracellular receptor domain, 21 we investigated the intracellular signaling pathways involved in the activation of the biological functions of human eosinophils by IL-1b, IL-18 and IL-33, paying special attention to the modulation of adhesion molecule expression, survival enhancement, and stimulation of cytokine and chemokine release.
Activation of eosinophils could first be regulated at the ligand/ receptor-binding level. We found that human eosinophils constitutively express the IL-33 receptor ST2, consistent with previous studies. 15, 16 As soluble ST2 was shown to attenuate eosinophil infiltration and Th2 cytokine production in an asthmatic murine model, 22, 23 the significant increase in the release of soluble ST2 in viral 
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infection 24 and asthmatic exacerbation 25 may help amplify the negative regulatory effects of soluble ST2 in these disease conditions. Utilizing antagonistic effects of anti-ST2 and recombinant ST2 proteins in clinical applications may facilitate the development of new therapeutic strategies for allergic diseases.
Delayed eosinophil apoptosis is a central mechanism of eosinophilia in allergic inflammatory responses. 26, 27 Our results demonstrated that IL-33, as well as IL-1b and IL-18, was able to markedly enhance the survival of eosinophils (Figure 2) , suggesting that these molecules may promote eosinophilia at the site of allergic inflammation. Noting the fact that enhanced ICAM-1 expression was found in bronchial asthma attacks 28 and the discovery of the fibronectin and hyaluronan-binding properties of ICAM-1, 29, 30 our finding that Figure 6 Activation of ERK, p38 MAPK, NF-kB in human eosinophils upon IL-1b, IL-18 and IL-33 stimulation. Eosinophils (5310 5 cells) were cultured with or without IL-1b, IL-18 or IL-33 (50 ng/ml) for 15 min. After fixation and permeabilization, the intracellular contents of phosphorylated (a) ERK, (b) p38 MAPK and (c) IkB-a in 10 000 permeabilized eosinophils were measured by intracellular staining and flow cytometry. Results were normalized by subtracting the appropriate isotypic control and shown as the arithmetic mean6SEM of three independent experiments. *P,0.05, **P,0.01 when compared with medium control. Ctrl, medium control; ERK, extracellular signal-regulated kinase; IL, interleukin; MAPK, mitogen-activated protein kinase; NF, nuclear factor. Figure 7 Effects of different inhibitors on IL-1b-, IL-18-and IL-33-induced survival enhancement of human eosinophils. Eosinophils (5310 5 cells) were pre-treated with inhibitors for 30 min followed by incubation with or without (a) IL-1b, (b) IL-18 and (c) IL-33 (50 ng/ml) in the presence of inhibitors for a further 48 h. Percent viability of eosinophils was assessed by the TACS Annexin V-FITC assay using flow cytometry and are expressed as the arithmetic mean6SEM of three independent experiments. *P,0.05, **P,0.01 when compared between groups denoted by the horizontal lines. AG, AG490; BAY, BAY11-7082; Ctrl, medium control; FITC, fluorescein isothiocyanate; IL, interleukin; LY, LY294002; U, U0126; SB, SB203580; SP, SP600125.
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IL-33-and IL-1b-induced upregulation of cell surface expression of ICAM-1 on human eosinophils (Figure 3 ) may provide an additional biochemical basis for IL-33-and IL-1b-enhanced eosinophil adhesiveness to extracellular matrix components at inflamed tissues such as bronchial epithelium. In addition, an ICAM-1/CD18 interaction was found to initiate firm eosinophil adhesion to bronchial epithelial cells. 31 Despite the high expression of ICAM-3 on resting stage human eosinophils, an anti-inflammatory role of ICAM-3 in inducing apoptosis of eosinophils has been suggested. 32 The switch to enhanced ICAM-1 and reduced ICAM-3 expression on activated eosinophils upon IL-33 stimulation may favor the initiation of proinflammatory responses. L-selectin initiates tethering and rolling of eosinophils on endothelial cells prior to their firm adhesion and transendothelial migration. 33 Our results are in agreement with previous evidence revealing downregulation of the surface expression of L-selectin on activated eosinophils after allergen challenge in asthmatic conditions. 34 It has been hypothesized that the potent effects of IL-33 in modulating ICAM-1, ICAM-3 and L-selectin expression on eosinophils may help promote their adhesion and transmigration into the inflamed tissues.
Aberrant increases in proinflammatory cytokine and chemokine secretion in allergic asthmatic patients were reported in clinical studies. 35, 36 We found that allergic rhinitis patients showed higher plasma IL-33 median concentration than normal controls (33.6 versus 9.8 pg/ ml). It has been reported that CCL2 concentration in bronchoalveolar lavage fluid was found to be elevated in allergic asthmatic patients. 37 In addition, CCL2 can initiate leukocyte infiltration and inflammatory responses by inducing chemotaxis of monocytes, T lymphocytes, natural killer cells, eosinophils and basophils, and by degranulation and histamine release from both basophils and mast cells. [38] [39] [40] Taken together with the evidence demonstrating IL-33 as a chemoattractant for Th2 lymphocytes, 12 the significant CCL2 release from eosinophils upon IL-1b, IL-18 and IL-33 activation may facilitate the locomotion of both eosinophils and other leukocytes to promote the development of allergic inflammation. A prior study has revealed that enhanced IL-6 and CXCL8 release in body fluid resulted from allergen challenge in atopic patients. 41 The neutrophil chemoattractant CXCL8 was shown not only to enhance surface adhesion molecule expression on neutrophils to facilitate their migration and accumulation in the tissue of inflammation, but also to stimulate neutrophils to secrete granular proteins and produce superoxide. 42 Although IL-33 could not activate neutrophils, 15 our results suggest that it may collaborate with IL-1b and IL-18 to recruit neutrophils into the inflamed tissues.
The central roles of IL-6 in host defenses and acute inflammation have been well delineated. 43 Lipopolysaccharide also activates dendritic cells and macrophages to release IL-33, 1 and the enhanced IL-6 production induced by IL-33, as well as IL-1b and IL-18, may amplify the inflammatory responses in microbial infection in addition to exacerbating allergic inflammation. Furthermore, both IL-1b and IL-6 were reported to promote differentiation of Th17 lymphocytes, which are characterized by their distinct IL-17A and IL-17F production, possibly promoting leukocyte recruitment and inflammatory processes in allergies. 44 The synergistic effects of IL-6 production mediated by the combined effects of IL-1b and IL-18, IL-1b and IL-33, as well as IL-18 and IL-33, could amplify Th17 polarization with a paracrine loop mechanism and thereby elicit more profound allergic inflammation effects.
Eosinophil activation is first initiated by cell surface interaction of receptors and soluble ligands, followed by activation of various signaling pathways regulating transcription of proinflammatory genes. 45 The receptors for IL-1b, IL-18 and IL-33 all belong to the IL-1 receptor/Toll-like receptor superfamily and share the Toll-IL-1 receptor unit in their intracellular domain for signaling. 46 The significant role of the Toll-IL-1 receptor domain in inflammation and host defenses has been elucidated. 47 Since IL-1b, IL-18 and IL-33 all activate eosinophils and induce the same array of cytokines and chemokines, we postulated that these IL-1 family cytokines may share and transmit overlapping signal transduction pathways. Our study revealed the involvement of the NF-kB, ERK and p38 MAPK pathways in regulating IL-1 family cytokine (IL-1b, IL-18 and IL-33)-mediated survival of eosinophils, surface adhesion molecule expression, and allergic inflammation-related cytokine and chemokine release from eosinophils. Since NF-kB regulates the transcription of proinflammatory genes encoding cytokines and adhesion molecules for initiating chronic inflammation, the critical role of NF-kB in the pathogenesis of asthma has been suggested in previous studies. 48, 49 In addition, mounting evidence has revealed that the ERK and p38 MAPK cascades could regulate proliferation, differentiation, cytokine production, chemotaxis and apoptosis of various inflammatory cells, including Th2 lymphocytes, mast cells and eosinophils. 49, 50 Therefore, the activation of the NF-kB, ERK and p38 MAPK pathways in IL-1b-, IL-18-and IL-33-induced eosinophil activation further confirms the importance of these signal transduction pathways in the pathogenesis of allergic inflammation.
In conclusion, this is a comprehensive report on the activation of eosinophils by IL-1b, IL-18 and IL-33. This activation occurs via the NF-kB, ERK and p38 MAPK pathways and results in survival enhancement, modulation of surface adhesion molecule expression, and cytokine and chemokine release. Our study also demonstrated the synergistic effects of combining IL-1b and IL-18, IL-1b and IL-33, as well as IL-18 and IL-33 on induction of IL-6 release. Taken together with previous reports, the significance of this study inevitably lies in how IL-33 and its related IL-1 family cytokines IL-1b and IL-18 could be involved in the pathogenesis of allergic inflammation such as the Figure 9 Effects of different inhibitors on IL-1b-, IL-18-and IL-33-induced CCL2, CXCL8 and IL-6 release from human eosinophils. Eosinophils (5310 5 cells) were pre-treated with inhibitors for 45 min followed by incubation with or without (a) IL-1b, (b) IL-18 and (c) IL-33 (50 ng/ml) in the presence of inhibitors for a further 24 h. Cell-free culture supernatant was collected and CCL2, CXCL8 and IL-6 released into the supernatant were quantified using ELISA. Results are expressed as the arithmetic mean6SEM of three independent experiments. *P,0.05, **P,0.01, ***P,0.001 when compared between groups denoted by the horizontal lines. AG, AG490; BAY, BAY11-7082; Ctrl, medium control; ELISA, enzyme-linked immunosorbent assay;LY, LY294002; U, U0126; SB, SB203580; SP, SP600125.
paracrine activation of Th17 lymphocytes. Further investigation of the underlying mechanisms of eosinophil activation may provide more clues for the development of novel therapeutic strategies for eosinophil-associated allergic diseases.
